Introduction {#S0001}
============

Many innovative technologies are being developed that can aid oral health care providers and clinicians to render care effectively. Such novel techniques are generally non-invasive and easy to use with many other benefits for patients and clinicians. One such device that has become an indispensable tool in the provision of oral health care is an intra-oral camera (IOC), which gained its inception in 1987 when the first handpiece was fabricated from the technology adapted from the security industry.[@CIT0001]

These first dental IOCs were cumbersome and required too much space and at a high cost of about \$40,000 per unit. Today, IOC systems are about the size of the previous handpiece and cost less than \$5,000. The cumbersome docking station has been replaced with a USB connectivity and is lightweight and much more comfortable to operate as well as more powerful in taking higher quality images. These major technological upgrades have made the system easy to use, requiring very little training and a standard part of every operatory.[@CIT0002]

IOC systems consist of video display, processing unit, and intra-oral camera with a light source. Widely ranged features for intra-oral cameras including Macro mode (magnification), curing light for composite, LED lights, picture or video record, fluorescence for detecting various stages of caries, plaque and gingival inflammation are now available. These features in the intra-oral camera can have numerous applications in providing treatment and to communicate with experts regarding diagnosis, treatment decisions, and protocols. Moreover, increasing patient compliance and motivation before, during and after the course of dental treatment, patient knowledge and awareness of the various common oral conditions, as well as allowing effective communication between the patient and dentist, remotely of different oral health conditions.

Tremendous advancement in information technology has completely changed the portals of communication between health care personnel and patients. Newer techniques and advancements used to diagnose diseases remotely in real-time and simultaneously seek expert consultations and advice regarding the treatment protocols for various conditions using established telemedicine platforms are now available. In this review, we aim to discuss the various clinical applications of IOC and its possible impact on patient compliance for dental care.

History {#S0001-S2001}
-------

The first real IOC was introduced in the late 80 s. Fuji Optical Systems (Los Gatos, California) received the registered trademark of dental IOC on 7^th^ July 1987 and released DentaCam. Later in 1989, Video Dental Concepts launched a novel IOC device that uses dental endoscopic handpiece. It had dental endoscope, a light source, and a remote head micro camera. Subsequently, many manufacturers modified and enhanced the features that resulted in sophisticated high-end IOC.[@CIT0001],[@CIT0003]

Initial IOC devices were cumbersome, bulky, expensive, and occupied substantial space in the dental office. These had handpiece, video processor, dedicated computer to process the images and videos that were captured through the devices. Currently, IOC is a small handheld device which is ergonomic, lightweight, comfortable to use, relatively inexpensive and can capture high-quality images and videos that are readily available for the patient and the clinician which can be magnified and viewed.[@CIT0004]

Working principle of an intra-oral camera {#S0001-S2002}
-----------------------------------------

IOC has a sensor located in the handpiece, which can be a charge-coupled device or a complementary metal-oxide-semiconductor sensor.[@CIT0005] These sensors receive light which is converted to an electronic signal that is processed by IOC imaging software to produce an image on the computer monitor. Better quality images are obtained when the sensor is placed closer to the lens. The LED lighting provides a continuous source of light to eliminate the need for a flash.[@CIT0006] Images captured by most of the IOC are stored in the in-built memory or can be stored in the computer. In-built proprietary software's help in archiving patient photographs and videos. Alternatively, one can use cloud-based storage systems to overcome the limitation of storage space. Development of cordless IOC, which can transmit videos and images in real-time and display in the monitor along with in-built functions like Bluetooth and Wi-Fi connectivity, can increase the portability and performance among the health care professionals. Future IOC software should have in-built teledentistry platforms and should be amenable to communicate through mail, Whatsapp, or any newer methods. Capturing, sharing, transmitting, and archiving of patient images and videos require consent and other relevant procedures. Appropriate care should be taken by the dentist and oral health care professionals to use the information and maintain the confidentiality of the individual.

Literature search {#S0002}
=================

We have performed a systematic keyword search in two databases (Pubmed and Scopus) up to 1^st^ April 2019. A combination of terms ("intra-oral AND camera" OR "intra AND oral AND camera" OR "intraoral AND camera") was used for both the databases. Articles in English, in-vitro, in-vivo, clinical studies, trials, and comparative studies were included. Letters, commentaries, short communications, and reviews were excluded. A total of 93 and 178 documents were found in Scopus and Pubmed. All the papers were imported into Rayyan web-based application[@CIT0007] and screened for eligibility by two trained examiners. A total of 57 duplicate documents were removed, and 214 records were available for the title and abstract screening. Only records where IOC was used to diagnose, plan the treatment, evaluate the condition, communication, patient education, or any other oral health care applications were included for full-text review.

Applications of IOC {#S0003}
===================

Applications of IOC can be classified into direct (clinical) and indirect (remote) oral care applications. Clinical or direct applications can be before, during, and after the treatment. Remote applications can be broadly classified into diagnosing, monitoring, and preventive maintenance. Alternatively, they may be classified as those applications used for rendering oral care and those which are useful for increasing patient compliance. The potential clinical applications of IOC have been listed in [Figure 1](#F0001){ref-type="fig"}.Figure 1List of potential clinical applications of Intraoral camera (IOC).

Direct or clinical applications of IOC {#S0003-S2001}
--------------------------------------

It is a common practice for the dentist to examine the oral cavity, perform required investigations, and explain the condition of the oral cavity and various treatment modalities to the patient, along with the advantages and disadvantages of the same. In many participants, the scope for understanding the concepts and conditions of the oral cavity and knowledge may not be adequate. This could be challenging for the oral health care provider to convince the patients for available treatment options. Use of IOC can be effective in familiarising the patients with various aspects before, during, and after the treatment.

### Diagnosis and treatment of caries and monitoring of restorations {#S0003-S2001-S3001}

Studies have shown that caries can be identified reliably with the use of simple IOC. In-vitro studies using videos, recorded by an IOC and simultaneous histological validation showed that IOC examinations significantly increased the detection of occlusal caries.[@CIT0008] Another in-vitro study evaluated visual examination, IOC, and operating microscope for detection of occlusal caries, which concluded that IOC and operating microscope improved the detection.[@CIT0009] Both of these in-vitro studies reported a rise in false positives.

Similarly, treatment decision making for restorations was compared with a visual examination, IOC, and operating microscope.[@CIT0010] It concluded that IOC significantly increased correct treatment decisions compared to unaided visual examination and operating microscope. Boye et al, compared IOC photographs with visual caries assessment and found no significant difference in the caries scores and concluded that photographic assessment could have advantages like reduction in examiner bias, repeatability of assessments, remote screening and can be a permanent record.[@CIT0011] However, there can be an increased cost, time taken to capture images, and might need additional software and hardware requirements to digitally archive. A study evaluated children's views on the experience of a visual examination and intra-oral photographs for the diagnosis of dental caries. It concluded that IOC was highly acceptable among children in epidemiological studies.[@CIT0012]

Recently, an LED camera fitted with light-induced fluorescence evaluator (VistaCam, Soprolife, and Soprocare) was developed and clinically validated. The device is not a replacement, but a supplement for the clinician to enhance the diagnostic capabilities. These IOCs have a unique feature called "Cario" mode that provides different colors for healthy, infected, affected active, and arrested dentine. It provides a magnified view of the tooth along with an auto-fluorescent image of the carious enamel and dentin and helps in diagnosis, treatment (excavation),[@CIT0013] monitoring of the lesions and restorations ([Figure 2](#F0002){ref-type="fig"}). Pits and fissures, which are at risk of developing caries, can also be evaluated at an earlier stage and subsequently sealed. Peycheva and Boteva[@CIT0014] in an in-vitro study reported that Light-Induced Fluorescence (LIF) with SoproLife IOC was more accurate in diagnosing occlusal fissure caries. Soprolife IOC showed to be reliable, and a valid instrument in the diagnosis of caries but may not be superior to the ICDAS.[@CIT0015],[@CIT0016] It offers many advantages to the clinicians like a comparison of images before and after the treatments, high-resolution daylight and fluorescent magnified images that can give reliable scores and prevent unnecessary interventions. Shakibaie and Walsh evaluated the effect of contaminations of oral fluids on caries detection by VistaCam IOC.[@CIT0017] Presence of blood, and tetracycline staining increased the fluorescent readings of the sound enamel and should be taken into consideration by the clinician. However, moisture or saliva contamination has not affected the scores. Jablonski-Momeni et al compared near-infrared imaging system (VistaCam iX Proxi) and conventional digital radiographs for the diagnosis of proximal enamel lesions and found that there was moderate agreement between the methods and found no significant difference.[@CIT0018] A recent systematic review on LIF with Soprolife IOC has concluded that there was no clear evidence on the detection of occlusal caries lesions and recommended future studies.[@CIT0019]Figure 2Scores of SOPROLIFE in blue fluorescence mode to detect caries.

Evaluation of dental restorations in terms of marginal defects, fractured restorations, a partial or total loss can also be done using IOC. Signori et al validated the technique of intraoral digital photography captured with IOC against the clinical assessment of the restorations.[@CIT0020] There was a fair to moderate agreement for anterior and posterior restorations with higher detection of defects with IOC method. This method has added advantages like permanent archiving, repeatability of the assessments, blinding of the evaluators or outcome assessors, the possibility of the single examiner to evaluate all the restorations even in multicentric studies. Monitoring and evaluation of pit and fissure sealants have not been much evaluated. Ferrazzano et al evaluated experimental two-part system (dental arch support and high definition IOC) for capturing standardized images to monitor sealants over a period of time. They concluded that it could be used as standardized and useful methods for sealants retention over time.[@CIT0021]

Alassaad et al,[@CIT0022] used transillumination and IOC for the diagnosis of incomplete cusp fractures, which are mainly diagnosed based on patient symptoms. A technique was proposed to diagnose the incomplete fractures, capture photographs which can be archived and shared with patients. Similarly, they can also be used to diagnose incomplete cuspal fractures and other high-risk areas. Other potential applications of IOC include the ability to diagnose pulpal exposures, pulp polyp, tooth wear for which efficiency has not been evaluated.

### Diagnosis of plaque, calculus, and gingival inflammation {#S0003-S2001-S3002}

Very few reports have shown the applicability of IOC for the diagnosis of plaque, calculus, and gingival inflammation. These reports have used IOC remotely to diagnose these conditions, along with the many limitations. The use of a plaque disclosing solution is often required as a direct assessment of immature and/or minimal plaque accumulation is difficult to perceive through IOC. Besides, the disclosed immature and minimal plaque may not be seen due to the color clipping effect of the LED lights. Due to the disclosing solution, the early signs of gingivitis can also be masked. A study compared SLR camera and IOC preferences for the assessment of plaque using image analysis. Considering the factors like reliability, simplicity, and flexibility, SLR camera with an image analysis system and the custom frame was more reliable than IOC.[@CIT0023] Staudt et al introduced a reproducible, standardized image analysis system for the evaluation of dental plaque using an IOC. It has relatively convenient access to the lingual surfaces, increased objectivity, sensitive to a minor reduction in plaque and can be useful in clinical trials.[@CIT0024]

Soprocare IOC has a unique feature called "Perio" mode, which helps in overcoming the limitations with conventional IOC. It can immediately highlight the soft and hard deposits around the tooth with different color schemes and magnification levels. It also highlights the marginal inflammation of the gingiva. In a study that evaluated the efficiency "Perio" mode of Soprocare IOC for detecting the plaque and gingival indices, plaque scores using Soprocare were higher and gingival scores were lower than conventional clinical examination.[@CIT0025],[@CIT0026] However, these differences were not significant and concluded that "Perio" mode of Soprocare IOC is a reliable tool. Many advantages have been highlighted, such as scoring can be repeated on the pictures, images can be used for patient education, motivation and can be compared with subsequent recall visits to know the effectiveness of treatment and self-efficacy. Shakibaie and Walsh used VistaCam IOC system for comparing calculus and caries fluorescence readings.[@CIT0027] Fluorescent readings were significantly higher for calculus than root surface caries and are not affected by saliva and blood, which suggested that VistaCam can be used as an adjunct to clinical examination. The clinician should take into account that there was an overlap in the fluorescent readings for subgingival calculus and root caries.

### Endodontics {#S0003-S2001-S3003}

The possibility of IOC as a computer-aided diagnostic tool for root canal orifices was evaluated in in-vitro studies.[@CIT0028]--[@CIT0031] Software programs were developed for standard intraoral or microscopic cameras. These programs were successful in real-time detection of root canal orifices and can be a useful tool for the clinicians and the training of dental students. The application of IOC can guide the clinician with augmented reality and can enhance treatment procedures with high sensitivity. However, an experienced clinician can overcome disadvantages like the higher occurrence of non-existent canal orifices using these software programs and unfavorable dentinal shadows in a few IOC positions.

### Orthodontics {#S0003-S2001-S3004}

Initial studies were done to evaluate the applications of intra-oral graphic camera called the orthoscan camera.[@CIT0032] The Orthoscan camera is an IOC with a mouthpiece and self-illuminated camera which can be placed on the occlusal surfaces. Gholston evaluated the reliability of this device in tooth measurements and found that the tool was highly reliable and gave flat, distortion-free one to one size relationship.[@CIT0033]

### Oral medicine {#S0003-S2001-S3005}

Bradley et al, captured high-quality clinical photographs of patients with oral mucosal problems by an IOC to triage the referrals and to evaluate the potential for treatment locally.[@CIT0034] Referral patterns were feasible and successful in the management of oral mucosal lesions and particularly useful for the elderly population. However, the study did not have a comparison with the clinician's direct provisional diagnosis.

Similarly, a study was done to evaluate the feasibility of a mobile phone camera and WhatsApp application in remote screening oral premalignant lesions. Substantial agreements were seen between actual and remote app-based diagnosis when the lesions were categorized as normal and abnormal,[@CIT0035] suggesting a suitable alternative method. IOCs can also be useful in the diagnosis and referral of oral mucosal regions and can be a critical imaging tool in hard to reach areas of the oral cavity. Such potential uses of IOC should be explored in future studies.

### Diagnosis of dental hypoplasia, molar hypomineralization, and fluorosis {#S0003-S2001-S3006}

Boteva and Peycheva used light-induced fluorescence (LIF) method applied with Soprolife IOC, DIAGNOdent and visual clinical examination to diagnose dental hypoplasia of third molars.[@CIT0036] LIF could not differentiate dental hypoplasia and normal structures as both showed green fluorescence. It could only serve as a magnification tool from 30 -- 100X and can be an aid in clinical diagnosis in hard to reach areas of the oral cavity. Peycheva and Boteva in their studies used light-induced fluorescence (LIF) method applied with Soprolife IOC and DIAGNOdent to diagnose dental fluorosis. LIF method could not differentiate fluorosis and caries lesion. Soprolife IOC "daylight" and "macro mode" can enhance the clinical view with a magnification up to 100 times.[@CIT0037],[@CIT0038] Elfrink et al.[@CIT0039] validated the use of IOC and photographs to diagnose the molar hypomineralization. It was seen that the photographs captured with IOC had good sensitivity and specificity with a high degree of intra-examiner reliability.

### Oral and maxillofacial surgery {#S0003-S2001-S3007}

Aziz and Ziccardi discussed the applications of telemedicine using smartphones. Such applications are useful to communicate with surgeons and discuss the treatment plan.[@CIT0040] One can readily use smartphones to do a multitude of actions. IOC can be connected and used in place of smartphone cameras and capture images inside the oral cavity with standard illumination. Such a set-up can be used in diagnosis, treatment plan, monitoring, evaluation of healing, dentoalveolar fractures, impactions, pericoronitis, abscess, etc., and the same can be used to communicate with other surgeons. Studies are needed to evaluate the feasibility and reliability of such applications clinically and remotely with teledentistry.

Murphy and Willmot[@CIT0041] used an IOC to monitor the size of the fistulas in cleft lip and palate patients. Fistulas were measured using graph paper and caliper technique and images acquired from the IOC. No significant difference was seen between the methods. IOC method is a suitable alternative in monitoring the size of fistulas for clinical and research purposes with multiple advantages like quick, non-invasive, ease of use especially in children, patient education, tracking changes over time, visualization and objective assessment of the fistula, repeatability, and archiving of the data. Ludlow et al used intraoral digital imaging to document the healing of recurrent aphthous lesions. IOC with a modified standardized measurement reference can produce reproducible images of the aphthous lesion and enhances accuracy.[@CIT0042]

### Teledental device for rendering oral care {#S0003-S2001-S3008}

Teledentistry can increase access to preventive and diagnostic care for individuals in far-out places by supporting dental hygienists and can allow communication, support, supervision, specialist opinion for oro-facial disorders, and appropriate referral for specialist consultation.[@CIT0043] IOC can be used as a teledental device which can transmit the view of the oral cavity using one of the established methods. It was shown to be an effective tool in diagnosis, timely oral health examinations, decreased dental visits, triage, and local treatment of many conditions of the oral cavity.

A field trial on the cost incurred with the use of IOC and teledentistry reported it as a suitable alternative to conventional face-to-face consultations.[@CIT0044] An innovative model called "Teledentistry-Assisted, Affiliated Practice for Dental Hygienists" was developed by North Arizona University dental hygiene department.[@CIT0045] Individuals can receive preventive services locally, evaluation of oral health by professionals and scheduling necessary treatment, minimal travel, costs, and time off from work or out of school. Alternatively, the participating hygienists are benefitted by delivering preventive services, and the participating dentists are benefitted by appropriate and increased referrals of those patients for whom they can provide the services. Marino et al evaluated the cost analysis of using IOC and teledentistry model to screen residential aged care facility.[@CIT0046] It was concluded that asynchronous teledentistry model was a suitable low-cost alternative than face to face or synchronous teledentistry examinations. However, the latter might have better outcomes as a two-way communication could be established.

Estai et al have suggested the role of teledentistry in optimizing the referrals to appropriate dental consultants in the field of orthodontics, oral surgery, and medicine.[@CIT0047] Such applications can be well executed with appropriate teledentistry platforms and use of IOC. This can reduce inappropriate referrals, validation of referrals, second opinions, support locally-based treatments, and make oral care more accessible to all.

Telehealth assistants have used IOC and teledentistry for screening children for dental caries in the inner-city childcare centers.[@CIT0048] Examiners recorded teledentistry examination index for caries similar to the visual examination at baseline and at each teledentistry visits which were used for monitoring prevalence and incidence. Parents were given the printouts of the oral findings of their child as motivation to seek dental care. Regular monitoring was done, and a new referral request was sent to the parent if the treatment was not sought earlier. In a study which evaluated the effectiveness of visual and teledentistry examination using IOC to detect caries among children showed that teledentistry was comparable to visual methods.[@CIT0049] The study also concluded that parents who received color printouts of their children's decayed teeth showed more utilization of dental care due to motivation and shared the same with their dentist. Leao and Porter, in their study, used IOC for telediagnosis of oral diseases and concluded that 64% of the oral health problems were appropriately diagnosed.[@CIT0050] IOC was used for screening oral diseases like caries,[@CIT0051],[@CIT0052] tooth wear, fluorosis, stains, calculus, plaque through teledentistry with acceptable reliability.[@CIT0052]

Studies on orthodontic referrals using teledentistry concluded that it could provide better service and optimum use of specialist services.[@CIT0053],[@CIT0054] However, this study used video and digital camera to transmit the data. IOC has a potential role in such applications that needs to be assessed by further studies. Berndt et al evaluated the feasibility of teledentistry with IOC for the provision of interceptive orthodontics.[@CIT0055] Sufficiently trained dentists can be supervised real-time and can effectively deliver services of interceptive orthodontics. Direct supervision had more improvement than real-time monitoring. However, there was no significant difference. Cook et al conducted an 8 months trial to test a teledentistry prototype software by which general dentists could refer cases of malocclusion with all the relevant clinical and radiographic data.[@CIT0056] Six general dentists participated in the study and used different methods like video conferencing, digital camera, flatbed scanners, and IOC to capture the clinical data. All the dentists covered all the aspects of the patients they referred to the specialist.

Rollert et al,[@CIT0057] evaluated the IOC and telemedicine for pre-operative assessment for general anesthesia and intubation for oral and maxillofacial surgeries. Most of the patients underwent surgery, and all were identified correctly and concluded that it was a cost-effective alternative in terms of transport. Nickening et al used telemedicine platform via videoconferencing for evaluating preoperative dental implant assessment and found that telemedicine permitted satisfactory evalaution.[@CIT0058] The role of IOC needs to be evaluated in such applications.

An in-vitro study evaluated the remote diagnosis of root canal orifices using IOC and teledentistry, concluded that experienced clinicians could guide other clinicians.[@CIT0059] The detection rates increased with clinician experience in all situations.

Concepts of telehealth, telemedicine, and teledentistry has been used across the field of oral health for diagnosis, case selection and optimisation of referrals, treatment planning, mentoring, specialist consultation, monitoring of treatment outcomes etc. with diverse gadgets that ranged from digital cameras, video cameras, SLR cameras, mobile phones, intra-oral cameras, web-cameras in conjunction with various software's and adjunct diagnostic modalities in real-time or store and forward. Most of these applications can be successfully implemented with the use of IOCs, but only a few studies in the past used IOCs. Future studies are recommended with the use of IOCs in these areas.

### Rendering dental education {#S0003-S2001-S3009}

IOC with teledentistry systems can be an effective way to execute clinical training and hands-on continuing dental education for dentists and dental students remotely with low-cost and two-way interaction.[@CIT0043] This way cost of the programs can be reduced due to shared resources, regular contact with peers and improved, supervised and quality oral care. Patients with complex oral conditions can be monitored remotely requesting individualized condition-specific history, examination, investigations, diagnosis, and recommending appropriate management of the condition. Such a system can create and open an endless virtual network of potential oral health service providers. They can network and coordinate the care of one individual simultaneously by sharing all the related information to render holistic care.

In dentistry, many procedures require chair-side demonstrations for dental students. It is challenging for students to visualize ongoing intra-oral procedures. To overcome such difficulty, procedures performed by experts can be projected or webcasted or recorded for appropriate training for dental students at all levels. They can be viewed "on the go" or watch at their convenience to get familiarised with all the steps of complex oral treatments. Similarly, training can be facilitated by networking and collaborations with dental institutions, schools, or tertiary health care centers. This way, students would get to see the diverse spectrum of oro-facial disorders and their effective management strategies.

Mustafa et al.[@CIT0060] suggested many applications of IOC that can be used in the training of dental students. The routine IOC has options for zoom in, which enhances the view of the operators to see minor details. Such magnification is of a great deal in evaluating cavity preparation, broken teeth and fillings, wear facets on teeth and restorations, evaluation of occlusion, assessment and documentation hard and soft tissue lesions for monitoring, progression and cross-referral with other experts, grading and work assessment of students exercises, training and demonstration of treatment procedures and forensic dentistry.

### Forensic dentistry {#S0003-S2001-S3010}

IOC can be indispensable in forensic dentistry and can be used to visualize or examine and capture images of the oral cavity. Of the many applications of IOC, dental examination, correct charting, and identifying restorative materials have been studied previously in relation to forensic dentistry.[@CIT0061] Shakibaie and Walsh[@CIT0062] have evaluated the ability of commercially available intraoral fluorescence camera in identifying dental restorative materials covered with body fluids. There was no significant difference in the scores for any of the restorative material under the influence of moisture, saliva, or blood. On the tooth and root surfaces, there was no significant difference in the presence of moisture while significant difference was seen when it was contaminated with the blood. Similar trend was seen with calculus as well. Also, healthy tooth had significantly different scores than carious teeth and calculus in both moisture and saliva coated samples. Such an IOC can be suitable supplement for mirror, probe and radiographs during forensic dentistry to evaluate teeth and restorations under moisture and saliva. LEDs that can emit fluorescence, white light or infrared illumination can also be of great use in mortuary or field conditions. Blood contamination may nullify the fluorescence, hence during examination such traces can be cleaned and then examined for restorations on to the teeth surfaces. Tsuzuki et al.[@CIT0061] also evaluated the usefulness of IOC in forensic inspection in cases of restricted mouth opening due to a multitude of reasons or limited lighting conditions. It was concluded that synthetic photograph generated from multiple photos captured by IOC was effective and in contrast to the conventional photograph where information about the oral conditions is lost due to the inaccessibility.

IOC could capture photos in narrow vestibules and occlusal surfaces of molars in contrast to the conventional photography with intraoral mirrors. IOC used could discriminate the gold and silver fillings, but care has to be exercised when distinguishing caries, discoloration, and tooth-colored restorations. Images thus obtained can be archived, shared to other forensic odontologists, repeat evaluations and for medicolegal purposes. Other potential applications of IOC relevant to forensic dentistry include identification of rugae, fractured teeth or crown, traumatic dental injuries, palate, tongue, missing tooth or teeth, tooth wear, fluorosis, soft tissue lesions or injuries, lip prints, frenum, developmental defects or anomalies, the color of the mucosa, etc. IOC can also be used to evaluate the conditions of the oral cavity, and teeth in archaeological remains non-invasively. Tomczyk et al.[@CIT0063] used two fluorescent methods (VistaCam iX proof IOC and DIAGNODent pen) for detection of caries in archaeological remains. Strong correlations were found with VistaCam iX and visual examination with micro-CT. However, the presence of contaminants and calculus can misdiagnose pit and fissure caries with use of VistaCam iX. However, IOC can be used as a screening tool and capture digital images for permanent archiving of the same.

Indirect or remote applications of IOC {#S0003-S2002}
--------------------------------------

These applications may not be directly linked to the diagnosis or treatment of oral diseases or conditions. Dentists or hygienists can use the IOC to train the patients or individuals to maintain appropriate oral hygiene, proper use of mechanical plaque control aids, demonstration of oral conditions, etc. Alternatively, patients also can use the IOC at home and contact the oral health care providers and seek information in real-time or as store and forward method.

It is crucial for the clinician to communicate with the patients about the realistic scenario of the oral cavity and the pros and cons of the treatment proposed. A lot of factors come into play during the process of communication with the patients. Use of pictures and videos captured through IOC of the patient's condition in real-time can reduce the effect of such factors. IOC can help the clinician or oral health provider to communicate with patients and motivate them for treatment, which will increase patient compliance and acceptance that can contribute to the success of the treatment or outcomes.

IOC was shown to be an effective and interactive tool to communicate with patients.[@CIT0064] One can use either photograph or live video of the patient's conditions to demonstrate and educate about the oral hygiene and conditions which captures the attention of the patient and understand the pathological processes and boost the correct use of oral hygiene methods.[@CIT0064]--[@CIT0066] Similarly, an attempt to demonstrate various other conditions like potentially malignant disorders, malignancies, periodontal conditions, pericoronitis, fractured teeth and cusps, incipient caries, deep pits and fissures, pulpal exposure, pulp polyp, and impacted teeth will make the patients understand the characteristics and severity of the disease condition ([Figure 3](#F0003){ref-type="fig"}). This way, it is possible to incorporate an approach called "co-diagnosis," which combines the views of patients and oral health care provider in planning the treatment.[@CIT0067]Figure 3List of applications of Intraoral camera (IOC) as an aid to increase patient compliance.

Willershausen et al.[@CIT0064] evaluated the effectiveness of oral hygiene instructions with and without the use of IOC and concluded that IOC could be used as a tool to reinforce oral hygiene instructions and improve patient compliance. A randomized controlled trial was done to evaluate the effect of IOC on the psychological, behavioral, and clinical parameters among patients with gingivitis. It was seen that IOC significantly improved all the parameters. The use of IOC can reinforce the self-regulation of oral hygiene behaviors like brushing and flossing. The use of photographs and videos captured by the IOC in a dental appointment can contribute to improved gingival health, oral hygiene behaviors, and perceived self-efficacy.[@CIT0066] Similarly, an eight-month randomized control trial on the use of IOC and text messages for the control of gingivitis showed that using IOC during consultation and text messages between appointments improves clinical, behavioral, and psychological parameters of periodontal health.[@CIT0068]

IOC can be used to demonstrate plaque, calculus, and stains on teeth, restorations, prosthesis, and implants to patients. It also helps the patients to visualize the areas where biofilm accumulation is more, difficult to remove and inflamed areas. Such a demonstration can optimize the knowledge, attitudes, and practices about oral hygiene and motivate them for the use of appropriate oral hygiene methods and correct interdental aids as demonstrated by the oral health care provider. IOCs like SoproCARE and SoproLIFE have advanced features which can highlight the areas of gingival inflammation, plaque, early caries lesions with the help of their "PERIO mode" and "CARIO mode" respectively. This will help to reinforce the patients about the need for home care and indirectly reduces the burden of in-office periodontal treatment. A randomized trial to evaluate the role of IOC along with supervised brushing among children, showed that IOC could be effective reinforcement tool for reduction of plaque scores.[@CIT0069]

IOC can be used for periodic self-assessment by the patient regarding the effectiveness of self-care and tissue status around dental implants. Also, images or videos can be transmitted to the healthcare professional. Subjects can communicate and locate the areas of food lodgment, redness, swelling, or any other signs which could be prevented at an early stage.[@CIT0070] Peri-implant conditions like plaque, mucosal assessment, width of peri-implant keratinised tissue, suppuration, occlusal evaluation, implant stability or mobility can be evaluated remotely and can be demonstrated to the patient in real-time through the use of IOC. At home implant hygiene requires additional care like use of soft brushes, end-tufted brush, foam tips, floss, plastic-coated interproximal brushes, wooden picks, irrigation systems and special techniques of usage (inter-proximal/circumferential flossing) which can be demonstrated with the use of IOC.

IOC can also be used to train the individual for placement and removal of cast partial dentures, acrylic dentures, complete dentures, implant retained dentures. Maintenance of hygiene by the use of interdental aids can be demonstrated with the help of IOC in areas below the fixed partial denture and adjacent teeth of the abutment.

Involvement of the patient increases when they see their oral conditions while it is being discussed and communicated by the dental professional. Measures such as the use of floss, floss threader, power floss, use of interdental brushes, implant maintenance, sub-gingival irrigation can be demonstrated in real-time to the patient. Repeated reinforcements can be done at the follow-up visits until the optimum level of oral hygiene is achieved among the individuals. Such a process can be more emphasized in children and adolescents, older individuals, high-risk groups, patients with a fixed prosthesis, pontics, implants, and those undergoing orthodontic treatment.

Similarly, training sessions can be conducted to the patients about the insertion of sophisticated prosthesis or insertion and activation of orthodontic appliances. Patients can be explained their pivotal role in the management of biofilm and can be taught the possible adverse outcomes of non-compliance for the same. Use of IOC can aid the clinician and patients in regular monitoring could be initiated by checking how effective the individual is performing home care maintenance, and the same can be shown, demonstrated in real-time which also can be digitized and archived for permanent record.

IOC can also be used to increase patient compliance by directly watching the treatment in real-time or recorded versions for patient familiarity and understanding the various stages of dental treatment, especially among children and anxious patients. Similarly, IOC can be used by the patients to seek expert advice on different oral conditions, monitoring of the oral conditions, healing directly from home using any of the teledentistry concepts with minimal training.

Conclusion {#S0004}
==========

It can be concluded that IOC has diverse applications in oral health care and can effectively assist dentist, dental hygienists, and oral health care providers. Also, the compliance of the patient can be increased by the use of IOCs in diagnosis, treatment planning, goal setting, oral hygiene instructions, and maintenance. However, studies are scant in this area, and a precise understanding of the mechanisms of IOC by which patient compliance can be increased is not very clear for many other potential applications.
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